result. It has been noted that much less of the general anesthetic is required, and the effect of the curare has practically worn off by the time the operation is completed.
Further evidence of the advantages of using curare in these cases was observed in relation to the venous pressure. Experimentally a fit patient was intubated under relatively light anesthesia. The venous pressure measured at the median basilic vein rose from 100 mm. water to 360 mm., and clinically was accompanied by intercostal spasm and straining. It may be mentioned that no cyanosis was present. 15 mg. tubarine produced a fall to practically normal (130 mm.) within thirty seconds. The use of curare prior to intubation minimizes the rise in venous pressure and so reduces the strain on an already damaged heart. [January 7, 1949] Therapeutic and Diagnostic Applications of Anasthesia By RONALD WOOLMER, B.M., F.F.A. R.C.S. THE therapeutic and diagnostic applications of anesthesia cover so wide a field that it is impossible to present more than a few aspects in the present paper.
It is well known that an injury to an artery may give rise to a profound reflex spasm of all the vessels of the limb. This spasm is, of course, protective, but it is a hindrance and not a help when the danger of bleeding is over; and it often persists for long enough to jeopardize the limb.
A missile which passes close to an artery, but does not touch it, may also set up an intense vasospasm, with an ischwmia which has been known tb result in gangrene. A timely block of the sympathetic in these cases may well save the limb.
Embolism similarly causes a shutting down, not only of the vessel implicated, but of the collaterals on which the viability of the limb depends. A sympathetic block, if necessary followed by embolectomy, is a most effective measure, and may be the only means of saving the limb.
Similarly, in operations which involve tying the main artery with preservation of the limb, it is wise to perform a preliminary sympathetic block. The collateral circulation is thereby opened up right from the start, and the nutrition of the limb is, as far as possible, assured.
Peripheral venous thrombosis often results in a reflex spasm of all the vessels of the affected limb. The results of prolonged vasospasm due to thrombophlebitis-as in phlegmasia alba dolens-are impairment of nutrition, increased capillary permeability, and cedema, followed by trophic changes and fibrosis. The result is all too often a white, swollen, heavy, ulcerated, unwieldy leg, causing permanent crippling. A sympathetic block in the early stages can bring about a most dramatic change in the situation. The pain is relieved. The fever abates. The aedema disappears, and the early trophic changes are rapidly reversed (Ochsner and DeBakey, 1940) .
In long-standing cases, when irreversible changes have taken place, the results are not so good, even with repeated blocks, though some improvement can nearly always be obtained.
Raynaud's disease is characterized by bouts of intensely painful vasoconstrictor spasm, and the ischimia may give rise to trophic changes which can end in gangrene. This spasm can be cut short by a sympathetic block, and the cold, painful, anoxic fingers can be made warm and red again. Though this dramatic effect can be repeated at will, the appropriate method for Raynaud's disease is permanent (i.e. surgical) interruption of the sympathetic.
The effects of this can be pretty accurately predicted by a sympathetic block with procaine.
"The nervous control of blood-vessels, like that of all hollow viscera with smooth muscle in their walls, is by the autonomic nervous system" (Richards, 1946) , and chemical block of this system has an important place in the investigation of peripheral circulatory disease. Arterial narrowing may be functional or organic; due to vasomotor spasm or to changes in the vessel wall. There is a gradation from spasm alone, as in early Raynaud's disease, to arteritis alone, as in senile arteritis. In most cases there is a mixture of the two. A sympathetic block can give a reliable indication of the degree of spasm which exists. By blocking vasoconstrictor fibres, which are fortunately very susceptible to procaine, it is possible to see how much the vessels can relax.' The extent of. this relaxation can be measured by oscillometry, by the plethysmograph, or, more conveniently, by skin temperature tests. There is, with a healthy circulation, a falling temperature gradient from the proximal to the distal end of the limb, the distal end being cooler because of vasoconstriction. At an ambient temperature of 18-220 C., with the legs fully exposed, the average temperature of healthy big toes is 200 C. A satisfactory release of vasoconstriction will raise it to 32-340 C., flattening out the gradient. A lack of response to measures normally producing such a vasodilatation indicates an organic occlusion of the vessel, such as occurs in Buerger's disease.or in arteriosclerosis. An even more practical way of measuring the effect of sympathetic release is afforded by the patient with intermittent claudication. If such a patient, whose walking distance is limited to 200 yards, can get up off the table after a paravertebrai injection, and briskly walk the quarter of a mile around the hospital block, he will be a likely-and enthusiastic-candidate for lumbar sympathectomy. In assessing the viability of a limb, it is a useful practice to do arteriography under spinal block to demonstrate alternative arterial channels, which will then open widely enough to show on the plate. Arteriography without such a block may fail to show collaterals because they are in reflex spasm. Chemical block of the vasoconstrictor fibres is not the only means of obtaining vasodilatation.
Reactive hyperemia, reflex heating, tetra-ethyl ammonium bromide and ingestion of alcohol all have their place. It behoves the an2esthetist who would interest himself in the subject to know the scope and advantages of the various methods and to be capable of the correct application of those methods which come within his sphere; this requires a fundamental knowledge of the vasoconstrictor pathways from cord to periphery.
In brief, constrictor fibres pass from the anterolateral column of the cord in the thoracic region, as white rami communicantes, to the ganglia of the sympathetic chain. The axons of the next relay arise in these ganglia, run as grey rami communicantes to the spinal nerves, and are distributed with these nerves to the periphery, giving off branches which innervate the smooth muscle of the arteries throughout their length. Every vessel in the body is constantly receiving constrictor impulses. Transmission over the sympathetic differs from that over the spinal nerves, in that each pre-ganglionic axon synapses with a large number (twenty to thirty) of post-ganglionic neurones. This accounts for the diffuse nature of the sympathetic discharge, which is oae of its most important characteristics. There are no white rami above T.1 or below L.2. All pre-ganglionic fibres are given off from the cord within these limits. The fibres for the head and neck run upwards in the sympathetic chain for several segments till they reach the cervical ganglia, where'the post-ganglionic fibres of the second relay arise. The sympathetic supply to the arm arises in the upper thoracic cord probably below T. 1 (Barcroft and Hamilton, 1948) and passes by white rami to the second and third thoracic sympathetic ganglia. The next relay arises in these two ganglia and passes up the sympathetic chain to the stellate ganglion. Some fibres of this relay end in the stellate but the majority pass through. Some fibres from the stellate run direct to the upper part of the axillary artery, the rest are distributed to the vessels of the arm via the brachial plexus. There is often a branch from the second thoracic ganglion-the nerve of Kuntzdirect to the lowest trunk of the brachial plexus. Hence to paralyse the entire constrictor supply of the arm and attain maximal vasodilatation, it is necessary to block the first and second thoracic sympathetic ganglia. If the stellate alone is blocked, Kuntz' nerve escapes; if the brachial plexus alone is blocked, the fibres going direct to the axillary artery escape.
Pre-ganglionic fibres to the leg arise from the lower thoracic and upper lumbar cord.
Some pass as white rami to the second and third lumbar ganglia, and post-ganglionic fibres run thence to the vessels of the thigh; but most of them end in ganglia below L.2 which they reach by passing down the sympathetic chain since there are no white rami here. Post-ganglionic fibres arise from the lower lumbar sympathetic ganglia and pass to the vessels via the spinal nerves, mainly the sciatic. A block of the second and third lumbar ganglia will interrupt all vasoconstrictor fibres to the leg. A paravertebral block is, on the whole, the most satisfactory method of obtaining sympathetic release in an individual limb. It is reasonably certain, it gives maximal dilatation if the right segments are chosen, and the opposite limb is left as a control. With the upper limb the appearance of Homer's syndrome, which is usually seen when T.1 is blocked, serves as an addlitional indication that the solution has been correctly placed.
Subarachnoid block is equally effective, and of course technically easier to perform. It can give a useful evaluation of peripheral vascular disease, but it cannot be confined to one side as can a paravertebral block. The pre-ganglionic supply to the legs is given off from T.10 to L.2, so that a subarachnoid block, which is of course pre-ganglionic, must reach above T. 10. This may result in a fall of blood-pressure sufficient to mask the vasodilatation, and some workers condemn subarachnoid block for that reason. If it is used, its upper limit should be between T.9 and T.10.
For the upper limb a subarachnoid block, to T.1, will cause an even greater drop. It need not give rise to muscular paralysis, for Sarnoff and Arrowood (1948) have shown that with their technique of differential spinal block it is possible, by using sufficiently dilute solutions, to paralyse vasomotor, sudomotor and pilomotor fibres and those subserving pin-prick without affecting other types of sensation or the still more resistant motor fibres innervating striped muscle. Nevertheless, paravertebral block gives a perfectly satisfactory sympathetic release for the arm, and there is little indication for the complexities involved in securing a subarachnoid block to this level.
Blocks of individual nerves have their uses and generally provide good sympathetic release in the area concerned. Vasodilatation is not usually maximal, howevt, L;.:ause of remaining constrictor tone in the main vessel of the limb.
Vasodilatation may be brought about by other means as effectively as by sympith-tic block. The commonest means is "reflex heating". If the legs are placed in hot wazr. ithe vessels of the arms dilate, and conversely. Spastic vasoconstrictor tone will be relaxed b-.reflex heating. Organic occlusion, of course, will be unaffected. Several peripheral vascular disorders in which the fault is mainly due to spasm of the arteries can be improved or cured by a permanent interruption of vasoconstrictor tone, i.e. by sympathectomy. As well as Raynaud's disease, intermittent claudication, acrocyanosis, hyperhidrosis, and perhaps even hypertension, spring to mind. It is very useful, and a simple matter, for the anmesthetist to furnish a preview of the results of sympathectomy by performing a chemical block, though it must be admitted that the results are not -always unequivocal. After the sympathectomy has been performed, he can similarly furnish the surgeon with a measure of its completeness, and, later on, he can help to decide whether there has been any effective regeneration of sympathetic fibres (Barcroft and Hamilton, 1948) .
There are other conditions resulting from arterial spasm in which a chemical block, single or rep"eated, may alone suffice. It is in these conditions that the methods of the anesthetist may prove most valuable, and I wish briefly to consider them.
One of the most important-and one of the least understood-is the syndrome resulting in an arm or a leg from prolonged reflex arterial spasm of relatively minor degree: insufficient, that is to say, to jeopardize the limb. This spasm is the result of injury, often of minor degree, and it carries a chain of undesirable consequences. The circulatory impairment gives rise to tissue anoxia, which leads, in turn, to trophic changes in skin, connective tissue, nerves, muscles, bones and joints. The tissue anoxia damages the capillary walls, so that their permeability is increased. This results in cedema, which further impairs the nutrition of the limb. Accumulating tissue metabolites act as irritants to the nerve endings, and set up a reflex which produces further vasoconstriction, so completing the vicious circle. The end-result is the well-known post-traumatic syndrome, which goes by many names, such as trophic aedema, traumatic osteoporosis, reflex dystrophy, Sudeck's atrophy, &c. Patients suffering from this condition haunt the outpatient and physiotherapy departments. They can nearly always be relieved by sympathetic block, and the literature is full of happily recorded cases. Repeated blocks at increasing intervals are usually required, especially if the condition is of long standing.
Another condition which has something in common with this is "immersion foot". Much can be done, by sympathetic block, to relieve the late effects of this condition, but it should be remembered that in the prehypernmic stage an increase in blood flow may do more harm than good (Richards, 1946) .
In Volkmann's ischiemic contracture, the severity of the condition is seemingly out of all proportion to the apparent triviality of the cause-temporary arterial occlusion with superadded spasm-and many permanently useless arms have resulted. There are many recorded cases of improvement, and even complete cure, by sympathetic block (Luzuy, 1946) , particularly if it is instituted early. Though it is in the limbs that arterial spasm is most commonly seen, it occurs also in other places.
In the head spasm of the internal auditory branch of the anterior inferior cerebellar artery is thought to provoke Meniere's syndrome. Constrictor fibres to this vessel are mediated through the stellate ganglion, and ganglionectomy has recently been performed for cure of the condition (Passe, 1948) . Similarly, a chemical block of the stellate ganglion is said to cut short an attack.
Spasm of the retinal artery may occur apart from thrombosis. Even if a thrombus occurs in only one of its branches, spasm may cause the others to shut down, thus rendering the whole retina-ischaemic. A timely block of the stellate ganglion may in such cases relax the spastic vessels, and restore a large proportion (often as much as three-quarters) of the field of vision.
In the chest two important vascular disturbances are accompanied by vasospasm; angina and pulmonary embolism. The work of Leriche (1939) and the Lyons School has made it clear that there is a vasoconstrictive element, as well as a painful element, in the-anginal attack. The vasoconstrictor component passes mainly through the left stellate ganglion. The pain component also travels via the ganglion, through the middle and lower cardiac nerves to the sympathetic chain. From there it passes to the posterior spinal roots and spinothalamic tract, and so gains the sensory cortex, where it expresses itself as pain. Hence an interruption of the stellate ganglion should stop not only the vasoconstriction but also the pain which accompanies it; and so it does-in some cases. More recent work, however (Kuntz and Morehouse, 1930), has indicated another pathway from the posterior cardiac plexus via the upper three or four thoracic sympathetic ganglia and the corresponding posterior spinal roots; and White and Smithwick (1944) have had a very large proportion of successes in the treatment of angina by an interruption of these fibres, either chemically by a paravertebral alcohol block or surgically by resection of the upper three or four thoracic sympathetic ganglia. So certain are they now of the expected results that they no longer make a test injection with procaine first. They prefer surgical interruption, for alcohol block is less certain, and is sometimes followed by severe intercostal neuritis. Nevertheless, there are many cases in which surgery is contra-indicated, and in these paravertebral injection of the upper four thoracic sympathetic ganglia, a simple procedure for a trained anmsthetist, may give very gratifying results. Mandl (1947) , analysing 249 recorded cases, finds that the success rate varies between 65 % and 82 %, which is similar to that for more drastic methods; and the mortality is of course much lower.
The pain of thoracic aneurysm may equal that of angina. It is also mediated through the upper thoracic sympathetic ganglia, and can be mitigated by block of these ganglia in the same way.
Post-mortem examination after fatal pulmonary embolism shows no occlusion of the main pulmonary artery in 30% of cases (Leriche and Fontaine, 1936) . Death is apparently due to reflex spasm of the main arterial trunk from a quite small peripheral clot. This is supported by experimental evidence. In dogs large beads introduced into the pulmonary artery killed 2%; pumice dust killed 100% (Bardin, 1937) . The reflex spasm set up by a small peripheral clot may extend throughout the main pulmonary arterial tree. This spasm can sometimes be relieved by stellate block, and if the spastic element predominates it may be curative. Of course, it is impossible to prove that the cases which recover would not have done so anyway, and it is unlikely that the infiltration could be carried out quickly enough to avert the fatal issue in a case that would not otherwise have recovered. The most that can be said is that a stellate block can probably be carried out with a little less delay than a pulmonary embolectomy.
In the trunk.-Reflex spasm of the arteries of the renal cortex may occur in several conditions such as crush syndrome, incompatible transfusion, yellow fever, Weil's disease, toxsemia of pregnancy and after operations on the urogenital tract. Experimental evidence suggests (Trueta, Barclay, Daniel, Franklin and Prichard, 1946 ) that in these cases there is an ischaemia of the renal cortex because of reflex, selective spasm of the glomerular vessels. Unless this spasm is broken early, irreparable damage will occur. There is no doubt whatever that sympathetic block can interrupt this spasm in many cases (Peters, 1942; O'Sullivan and Spitzer, 1946; Robertson, 1946) , and if it is undertaken early enough it may be a life-saving measure. Bilateral paravertebral block of T.12 and L.1 is the most practicable method. Though subarachnoid block is easier, and, in unpractised hands, more certain, it is not so good, for the block has to be taken up at least to T.6 to be effective and as a result the bloodpressure may fall below the filtration pressure. In a patient who is already very ill, this may be the last straw. The three cases in my personal experience died, but they were all late ones, and, in one, sympathetic block did produce a notable diuresis. An increasing number of successful cases are being recorded by other workers.
There are certain other vascular conditions not due to arterial spasm, which may be treated by conduction block. Paroxysmal tachycardia has been treated by stellate block, with apparent success. The recorded cases, however, are few, and the rationale is not altogether clear. Spontaneous cures often occur in this condition, which makes it difficult to assess any claims not supported by large numbers.
It has also been successfully treated by intravenous procaine. This seems more logical, since it is now well recognized that procaine reduces the irritability of the heart.
Pulmonary cedema, secondary to left heart failure, has been successfully treated by high spinal block, notably by Sarnoff and Farr (1944) . They based this form of therapy on the idea that pulmonary cedema occurred because the output of the failing left ventricle could no longer keep pace with that of the right, with consequent over-filling of the pulmonary circuit. A high spinal acts beneficially by decreasing the venous return and hence the right heart output; by decreasing the peripheral resistance and so lessening the work of the left ventricle; by decreasing the body's need for oxygen; and by withdrawing some of the circulating blood-by performing venesection, as it were, without the loss of any heemoglobin.
Though Sarnoff and Farr's case reports are quite convincing, I find their arguments less so; and physicians with whom I have discussed this method have not been enthusiastic about the idea. High spinal block by the older methods has two disadvantages; it adds intercostal paralysis to an already embarrassed respiratory system, and it wears off. Sarnoff and Arrowood's (1947) newer method of differential spinal block gives the vasomotor effect without the paralysis; and the indwelling catheter technique enables the block to be maintained, if necessary, for days at a time. However, it is now generally recognized that pulmonary aedema is, to some extent at least, a neurovascular reflex response, and I think that a block may owe its success to interruption of the reflex arc. A higher block still, in the region of the upper thoracic ganglia, or a more general approach by intravenous procaine, would seem therefore to be indicated. Increased capillary permeability is an important factor. Its presence opens the door to procaine given intravenously. These ideas are being followed up. However, I would stress that any treatment along these lines should be purely ancillary to, and not a substitute for, more orthodox medical remedies.
Turning now from vascular disorders I want to consider some other disturbances caused by spasm of the smooth muscle lining tubes. It is a remarkable fact that nearly every tube in the body that has smooth muscle in its wall is subject to spasm from overaction of the sympathetic; the thoracic duct is the only exception which occurs to me (and I am quite ready to be told that that, too, goes into spasm). This spasm is in nearly every case amenable to methods familiar to the anesthetist.
One of the most distressing spasms of non-vascular tubes is that which gives rise to bronchial asthma. I do not wish to rush into a discussion of theaetiology of asthma, or to explain the paradox by which interruption of the sympathetic, which is supposed to act as a dilator of the bronchi, can alleviate bronchospasm. Suffice it to say that in the recorded cases a proportion treated by stellate block (Dos Ghali, Bourdin and Guiot, 1943), and a higher proportion treated by sympathetic ganglionectomy (Carr and Chandler, 1948) have been strikingly improved. One is aware, of course, of the notorious. difficulty in assessing the results of treatment in a disease such as asthma, and we must treat these figures with reserve.
An alternative, and much more convenient, method of applying the procaine is by the intravenous route, by which it is apparently every bit as effective. The scope of intravenous procaine as a therapeutic agent is widening, and we will mention it again later.
It is often said that ether, given as an inhalation anesthetic to an asthmatic, will greatly decrease the frequency and severity of the asthmatic attacks for some days or weeks thereafter, and I have been able to confirm the truth of this statement in a small number of cases. I have always imagined that the effect was due to some of the bronchial flora being killed by the ether, but from some work which is being done on intravenous ether for status asthmaticus, it looks as though there may be some more specific effect on the neuromuscular mechanism of the bronchi.
Achalasia of the cardiac sphincter is thought to be due to an autonomic imbalance with relative preponderance of the sympathetic, which has been proved (Knight, 1945) to be motor to the cardiac sphincter. The effect of a paravertebral block in such cases can be dramatically shown by screening after ingestion of barium. In fifteen to twenty minutes after the block the dilated cesophagus can be seen to contract to one-third of its former width and the barium which had been previously held up passes easily into the stomach.
Paravertebral block can thus provide a means for distinguishing between a functional and an organic stricture of the cardiac end of the stomach. It cannot conveniently do more, for mercury bougies or, if necessary, Heller's operation is preferable to repeated paravertebral blocks. It has been claimed (Luzuy, 1946 ) that the success of Heller's operation is due, in the main, to the section of the sympathetic fibres which it entails.
In hypertrophic pyloric stenosis, it is now thought that the hypertrophy is the result and not the cause of the narrowing of the lumen. This narrowing is due, in the first instance, to autonomic imbalance with sympathetic preponderance, though to be sure the resultant hypertrophy causes a mechanical narrowing on which the spasm is superimposed. It would follow that temporary inactivation of the sympathetic, if performed before the hypertrophy had developed, would prevent its occurrence and restore the normal tone to the pylorus. This has been done in a number of recorded cases with a success rate of about 90% (Luzuy, 1946) . The great difficulty, of course, is to get these cases early enough. If the hypertrophy has already developed, a successful result is much less likely; if it has not, it is difficult to Section of Ancesthetiem 127 be sure of the diagnosis ; and Ramstedt's operation is so simple, certain and safe that one hesitates to displace or postpone it for less accepted methods. There is good reason to suppose that Hirschsprung's disease is also the result of an achalasia caused by autonomic imbalance.. Its not infrequent coexistence with such conditions as mega-cesophagus and mega-ureter speaks for the identity of the underlying pathology. It is established that the sympathetic is inhibitory to the smooth muscle of the gut, so that a reduction in the activity of the sympathetic is a logical method of attack. The condition was first treated by lumbar ganglionectomy in 1927 (Wade and Royle) and thereafter surgical interruption of the sympathetic has been performed in many cases, with good results on the whole, and at small risk. In 1935 Stabins, Morton and Scott reported successes after spinal analgesia alone, and since then a considerable number of cases have been recorded in which the treatment consisted solely of chemical block of the sympathetic with a success rate of about 80% (Scholefield and Chivers, 1947; Plichet, 1942; Hawksley, 1944; Telford and Haxton, 1948) . Whether the block is pre-ganglionic, as with a spinal, or post-ganglionic, as with a splanchnic block does not seem to matter, provided certain principles are observed. First, a pre-ganglionic, or spinal, block must be carried at least high enough to include T.5. Secondly, the block must be bilateral. The colon is developed embryologically as a median tube and is innervated bilaterally throughout its length. Thirdly, the block should be repeated if required. Fourthly, the pelvirectal junction should be manually dilated while the block is effective. Fifthly, motor activity of the bowel should be encouraged by enemata in the period following the block; and lastly, a fortnight should be allowed to elapse before the effect of the treatment is evaluated. It is not unusual to find that ten to fourteen days are needed after the block before the bowel recovers its tone. The reason for this is obscure;
and, indeed, we are equally in the dark as to how a temporary chemical block of the sympathetic can produce a long-lasting amelioration of autonomic imbalance. One must assume the breaking of a vicious circle, but it is impossible to be more precise.
The treatment of post-operative paralytic ileus by sympathetic block is obviously a logical method, but one is rather loath to inflict it upon an ill patient, especially as one may be faced with a recurrence ofthe situation as soon as the block has worn off. Two considerations, however, lessen the arguments against it; first, by modern methods a subarachnoid block may be maintained, if necessary, for several days; and secondly, by using a solution as weak as 0 2 % procaine, according to the technique of differential spinal block, it is possible to paralyse the sympathetic efferent fibres to the bowel without affecting the somlatic motor nerves, so that there will be no paralysis and the patient will be able to use his abdominal muscles to help empty the reactivated lower bowel.
Spasm of striped muscle can also, in certain cases, be relieved by anaesthetic methods. The treatment of spasticity and rigidity resulting from poliomyelitis, Parkinsonism, spinal cord injury, lateral sclerosis, cerebral diplegia, &c., can sometimes be assisted by the muscle relaxants (Stephen and Chandy, 1947) . It is said that a "lissive" action can be exerted by doses insufficient to impair voluntary muscular contraction and that the effect of a single injection may last for several days (Denhoff and Bradley, 1942) . Its chief use is in the facilitation of remedial therapy in spastic states. Under the action of correctly chosen doses of muscle relaxants, spastic patients can perform exercises which would otherwise be impossible for them, and their new-found suppleness greatly helps in their re-education.
Preparations of curare in oil or wax have been tried in an attempt to delay absorption and prolong the effect of the drug (Schlesinger, 1946) , but it is doubtful whether this prolongation is really obtained, either in this case or in that of analgesic solutions (Kelly, 1947; McIntyre, 1947) . There is some doubt, too, whether pure preparations of tubocurarine chloride really exert any "lissive" action. Most writers who record such action have been using intocostrin.
In the muscle spasm of tetanus and of strychnine poisoning the muscle relaxants have been used on several recorded occasions. My own experience with tetanus has not been very happy. I have found that the dose of the relaxant I have been using curare is very difficult to gauge, and that the respiratory muscles are sometimes severely depressed before the skeletal musculature is much affected. This reversal of the usual susceptibility has been noted by other workers (Adriani and Ochsner, 1947) . It is perhaps to be attributed to the action of the neurotoxin. Other anmsthetists, however-, using curare (Evans and Whiting, 1948) and myanesin (Torrens, Edwards and Wood, 1948) have been more successful. The treatment should, I think, be combined with centrally acting depressants, and the means for effective artificial respiration, and for the maintenance of a perfect airway, must always be at hand.
The muscle relaxants, of course, have proved their usefulness in softening the spasms of electro-convulsive therapy, and indeed it was for this purpose that curare was first used by Bennett in l.94Q., The factvthat curare is to be used makes it necessary to abolish consciousness before the shock (for instance with a small dose of thiopentone) (Hobson and Prescott, 1947) ; this introduces a complication into the procedure which is not always welcomed by psychiatrists. However, the consensus of opinion seems to be in favour of its use.
The control of striped muscle spasms occurring during anesthesia is, of course, the direct concern of the anesthetist. He may also be required to assist in the control of repeated or continuous convulsions, such as occut in status epilepticus. He has a method ready to hand in the intravenous barbiturates, and the supervision of the patient during the period of unconsciousness which follows their use is naturally his concern.
The violent spasms of the diaphragm which constitute hiccup are a distressing manifestation of various toxic states. They can often be abolished, temporarily at least, by CO. But here I should emphasize that it is not the slightest use ordering the nursing staff to give CO2. It must be given by the anesthetist. My own practice is to go to the ward armed with a large rebreathing bag containing 10% to 15% CO2 in oxygen, with a facepiece and stopcock attached. With the stopcock to air, the facepiece is carefully adjusted and strapped on. The stopcock is then turned to connect the patient with the bag, and he is made to breathe into it until the hyperpncea becomes intolerable. Without disturbing the facepiece, the stopcock is then quickly turned to air. When the hyperpnoea has died down, the performance is repeated. This method of treatment is a vigorous one for an ill patient, but I have found it remarkably effective.
Relief ofpain.
-The relief of pain should be one of the first duties of the anesthetist in the ward no less than in the theatre, and there are many ways in which he can help.
The therapy of the ischemia resulting from vasospasm has already been mentioned. The pain that goes with it, as in angina or arterial embolism, is very severe. Happily, with the abolition of the vasospasm, pain also disappears.
Renal colic and spasmodic dysmenorrhoea are also muscle spasms which produce severe pain, and here the relief of pain is perhaps more immediately to be considered than the treatment of the underlying condition.
The swift, dramatic relief brought to a patient writhing in the agony of severe renal colic, by a paravertebral injection of T.12 to L.2, has to be seen to be believed. If a stone is the cause of the colic, the accompanying release of spasm will often ease its passage down the ureter.
It is said that severe spasmodic dysmenorrhoea can be permanently relieved in 70% of cases (Davis, 1948) by alcohol injection of the inferior hypogastric or pelvic plexus, which forms the main uterine autonomic ganglion. It is easily reached by a needle inserted into the highest point of the vaginal fornix, lateral to the cervix. One ml. of absolute alcohol is injected close to this point on each side. With larger amounts than this, there is danger of retention.
For the intractable pain of pelvic or abdominal cancer, which is often not amenable to opiates, an intrathecal injection of alcohol should be considered. The site chosen for lumbar puncture should be as close as possible to the actual nerve roots involved, so as to confine the action of the drug. Alcohol is, of course, hypobaric, and the patient must be so placed as to allow the drug, by floating upwards, to come in contact with the posterior roots. 0-2 to 1-0 ml. is the normal range of dosage, and the alcohol (which should be previously autoclaved to kill spores) is injected very slowly and without barbotage. In a small proportion of cases the injection is followed by sphincter disturbances and loss of tendon reflexes, but in my experience this generally clears up in a few days. It must be confessed, however, that the results are variable. Relief is uncertain, and is sometimes delayed, and the block may have to be repeated within a few days. When it does work, it affords relief, partial or complete, for a period varying from two months to over a year, and is sometimes the only measure which will render bearable for these patients their short remaining life. A method which will be preferred by some people is caudal proctocaine 40 to 60 ml. which has been convincingly advocated by Meave Kenny (1947) . The injection is relatively easy to perform.
It is not painful, and it affords relief from pain in a high proportion of cases, without the production of sphincter disturbances.
Besides sclerosing agents and the more familiar analgesic drugs, ammonium and magnesium salts may be injected into the subarachnoid space. Both these ions have a depressant action on nerve cells, and appear to affect sensory more than motor function (Stewart et al., 1940) .
Magnesium sulphate is used in 25 % solution in a dose of 2 to 4 ml. diluted with ten times that amount of cerebrospinal fluid. Both injections are painful, and may cause severe reactions. They should not be given lightly.
With regard to causalgia, Shumacker (1948) says: "The agonizing severity and unrelenting constancy of the pain of causalgia, the resultant disability and the profound physical -and mental strain associated with this.disorder constitute a therapeutic challenge of the utmost importance." Not only is interruption of the sympathetic the only treatment of any use, but "in all medical practice no results are more sudden or spectacular". The question of the neuropathology ofcausalgia is still unsettled, but, from a study of the recorded cases, and of the few that I have seen, it would appear that paravertebral sympathetic block is capable of giving some relief in nearly every case; and that in a fair proportion of cases permanent relief can be produced by sympathetic block alone. If the effect of the first block does not outlast the action ofthe anesthetic (05 % procaine is commonly used), there is little likelihood of permanent improvement. But if the effect lasts for hours or days, the second block is likely to be effective for longer still, and blocks can be repeated at increasing intervals until a cure is obtained. The number of repetitions required to effect-this is variable, and difficult to predict, but in about half the recorded cases a single injection, properly placed, has resulted in lasting improvement.
Severe pain in a phantom limb is one of the most baffling and intractable conditions with which the neurosurgeon can be confronted. The victims of this malady generally present a sorry spectacle. They have, as a rule, undergone several re-amputations and excisions of neuromata, interspersed with spasms of psychiatric treatment and bouts of centrally acting analgesics, all equally ineffective. A significant proportion of them can be changed from blighted hypochondriacs to happy, normal people by so simple a procedure as two or three paravertebral blocks.
The pain accompanying herpes, and the neuralgia following it, may be so severe as to be incapacitating. Analgesics are singularly ineffective, and there is no worth-while medical treatment. Nerve block, however, has been successful in 27 out of 29 recorded cases (Findley and Patzer, 1945) , and is acknowledged to be correct, and indeed the only effective, treatment. Until the neuropathology of herpes has been fully elucidated, this method will have to be accepted as to some extent empirical. It is clear that the pathoogical process starts in a dorsal root ganglion. It is not clear whether the erythema and subsequent vesicle formation is due to antidromic impulses passing centrifugally along the posterior root or to reflex vasoconstriction resulting from spread of irritation to the sympathetic ganglion. Intercostal somatic block should be effective on the first hypothesis and paravertebral sympathetic block on the second. In practice, results by either method are usually excellent.
Idiopathic sciatica may sometimes be relieved by the intraand peri-neural injection of the sciatic nerve. The technique of injection is simple. It is in the correct selection of cases that the difficulty lies. It has also been treated by subarachnoid alcohol block (Dogliotti, 1935) , but I think this is a method which should be reserved for inoperable cancer.
The pain of tuberculous laryngitis, which makes talking a burden and swallowing a torture, can be relieved by a bilateral block, in the neck, of the internal laryngeal nerve.
It may have to be repeated many times, but it is a relatively simple procedure.
Movement is limited by pain in a variety of conditions in which immobility is undesirable.
Anesthetic methods may be used in such cases to restore mobility and lessen discomfort.
The limitation of thoracic and abdominal movement after abdominal section, with the danger of atelectasis which it involves, is a case in point. A posterior intercostal block of the lower thoracic spinal nerves will do muckto restore full movement, and will enable the patient to co-operate with the physiotherapist. Such a block may be performed with advantage in the operating theatre at the end of the operation. Recent work (McCleery, Zollinger and Lenahan, 1948) has shown that whereas the vital capacity on the first day after upper abdominal operations normally drops to between 25 % and 42 % of the pre-operative value, a block of the lower intercostals will bring it up to 53 % of the pre-operative value, and will halve the need for post-operative narcotics. Intravenous procaine (McLachlin, 1945; Brittain, 1949) is another method of lessening post-operative pain and immobility without the use of depressant drugs. With patients for whom an intravenous drip would in any case be maintained post-operatively, this may well be the more convenient method.
In sprains where there is no bony damage, active movement will often accelerate healing, but this may be greatly hampered by pain. In such cases a periligamentous infiltration will generally restore free movement. It is inspiring to see a patient with a sprained ankle come hobbling up to the outpatient department, receive an infiltration, and walk, gingerly at first, and then jauntily, away.
In fractured ribs, even after strapping, the pain of thoracic movement may be extreme. A posterior intercostal block will render it painless, and restore full activity to the lung on the affected side.
With a fractured jaw, eating may be a slow, painful and difficult business, even after adequate fixation. Repeated block of the superior alveolar or mandibular nerve will do much to remove the disability.
There are various joint and muscle manifestations such as fibrositis, subdeltoid bursitis, periarthritis and so on, whose victims become part of the furniture of the physiotherapy department. Some of them may be greatly benefited by appropriate infiltrations. The selection of cases is not always an easy matter, and close co-operation between the orthopwdic surgeon, the physiotherapist and the therapeutic anesthetist is required. Given that co-operation, there is much interesting and helpful work to be done.
The pain of burns, and the intolerable irritation of pruritus, can be successfully attacked by intravenous procaine. The theory of its action is attractive. Tissue damage or irritation is accompanied by increased capillary permeability in the neighbourhood of the lesion. Hence circulating procaine will be spilled out of the circulation just where it is needed at the points of damage, and will anesthetize the sensory nerve endings there. This happy arrangement provides local analgesia par excellence without the necessity for accurate anatomical placement.
Intravenous procaine was first used by Lundy in 1940 for the treatment of pruritus associated with jaundice. In the same year, it was found, in experimental animals, that it could prevent ventricular fibrillation induced by cyclopropane and adrenaline (Burstein and Marangoni, 1940) . A year later, Leriche was using it for vascular disturbances, and in 1942 it was reported as effective in drug idiosyncrasies (Breton and Guidoux, 1942) . In 1943 Gordon reported on its use in the treatment of severe burns. In 1945 it came into use to control the pains of labour and post-operative pain (Allen, 1945) . 1946 saw the start of its use in the prevention of arrhythmias during intrathoracic operations; in 1947 it began to be tentatively used in the management of spastic states and arthritis; and last year it was shown to be effective in exfoliative dermatitis and urticaria. It is hard to find a parallel to this remarkable efflorescence, and one wonders what new developments are in store. My own experience with it has been limited to the treatment of the pruritus of jaundice, to the management of burns and to the prevention and cure of cardiac arrhythmias. For the general management of burns and pruritus, I have used 0 1 % solutions, the vehicle being saline or whatever fluid is indicated for parenteral therapy. The rate should not much exceed 20 mg. a minute, which is just over a gramme an hour, or tachycardia, twitching and convulsions may ensue. It should not, on the other hand, fall far short of this, or an effective concentration will not be maintained. One gramme, run in during an hour in the evening, will often so mitigate the pain of burns and the discomfort of pruritus that a restful night will be obtained without the use of depressant drugs. In severe burns, the drip may have to be continued for a good part of the day, but procaine appears to be detoxicated so easily, even by ill patients, that no harm results. Doses of the order of 12 grammes in as many hours have been recorded in obstetric analgesia.
There is no doubt at all of the efficiency of intravenous procaine in reducing cardiac irritability, and I would not like to embark on anesthesia for cardiac surgery without two syringes ready to hand, one on my trolley for intravenous injection, and one on the surgeon's for pericardial injection. I think it is fair to say that in intravenois procaine we have a new and valuable counterirritant, using the term in a literal sense.
It will be seen that the diagnostic and therapeutic application of anmsthetic rhethods covers a very wide field, whose boundaries merge with the territory of other specialties.
In an effort to put some order into its consideration I have attempted a scheme of tabulation, figs. 1 to 4, though the subject is one which defies orderly classification. The tabulation here given is arbitrary, inconsistent and far from complete, and is intended only as a means of viewing the subject as a whole.
It will be seen that there are many subjects included in the scheme, such as inhalation therapy and intravenous therapy, which I have not even mentioned. Helium therapy for respiratory obstruction, for instance, can be undertaken only by an anesthetist; and the treatment of asphyxia of the newborn, of carbon monoxide poisoning and of drowning are matters which come within his competence. In some centres, intravenous therapy is a recognized function of anesthetists, and they can be very useful in the treatment of barbiturate poisoning.
But of the applications which I have mentioned, how many are of real value? That is a difficult question to answer, and must remain largely a matter of opinion. I would say that the most useful applications, and those in which we can be of greatest help to our medical and surgical colleagues, are the assessment of peripheral vascular disease, the control of intractable pain, the treatment of causalgia and the various uses of intravenous procaine.
It is encouraging to find that nerve block clinics, attached to departments of anesthesia, have already been set up at several centres in North America (Apgar, 1948) and are beginning to find a place in this country.
In order that full benefit can be obtained from arrangements of this sort, a wide knowledge of medicine and surgery is required of the aneesthetist; and equally a wide knowledge is required by workers in other fields of the benefits which a well-trained aneasthetist can confer. It should be the task of anaesthetists on the one hand to make sure that they possess the requisite knowledge, and on the other to enlist the co-operation of their colleagues in putting that knowledge to the best possible use. 132 22 B.
intravenously a routine for the majority of general surgical procedures, my experience with blocking conscious patients is very much more limited but I had noted a relatively high incidence of toxicity in the latter group and I wondered whether this was largely due to my formidable approach or whether Dr. Woolmer had similar experience. One sign upon which I place greater and greater reliance is that of the Aspiration Bubbles Test, to which I have found no reference in the literature. If the point of the isolated needle is correctly sited in the region of the intervertebral foramen, aspiration will withdraw bubbles of air into the syringe and so consistent is this sign that I now refrain from depositing the solution unless it is elicited. I have found it difficult to explain the phenomenon but can only suggest that in view of the fact that the foramen is in continuity with the epidural space, the negative pressure within the latter will aspirate air through the isolated needle and this is subsequently re-aspirated after attachment to the syringe. I would be interested to know if Dr. Woolmer had noted similarly and hasten to affirm that there is no question of apparatus leakage! Dr. W. V. Bowman observed that Dr. Woolmer's work on sympathetic block was particularly interesting; but, instead of using local infiltration for sympathetic block, this could be done with greater ease by intravehous or intramuscular injection of one of the tetra-ammonium compounds, such as Etamon. This was also a ready means of assessing the value of sympathectomy; alternatively it would give the effect of a temporary sympathetic block, which should be valuable where an artery was occluded by an embolus.
Dr. Bowman had had no experience of its use in pulmonary embolus, but thought it might be worth trying.
He wished to emphasize the ease of administering this drug, and observed that the few cases in which he had used it had not shown any alarming side-effects. There was a mild feeling of apprehension after the first injection due to the patient experiencing curious parnsthesiae. Dr. A. H. Galley said that he had successfully treated pain referred to the seventh dorsal dermatome by spinal extradural injection of proctocaine. The pain was due to a carcinoma of the esophagus which had regressed after treatment with radon seeds. Prior to the injections, the pain had been severe enough to necessitate the continuous use of morphia and similar drugs.
Dr. Galley also instanced a case in which a diagnosis of hysteria had been confirmed by pentothal anesthesia. This was in a young woman who had been a medical orderly in a Service hospital and who presented herself with unilateral movement of the chest upon inspiration and complained of "'coughing up blood". X-ray of the chest, temperature and B.S.R. proving normal,it was decided to give her an anarsthetic to manipulate a leg which she kept in an abnormal position (X-ray of the limb had revealed no abnormality). As she became unconscious it was noted that her chest began to move synchronously with respiration; unilateral movement returned, however, upon recovery. Administration of pentothal was repeated with each side of the chest attached by strings (and strapping) to levers which recorded upon a clockwork kymograph. Here again, the same sequence of events was repeated. The recordings were shown to her upon recovery when she admitted producing the blood by artefact and, in the course of a week, her breathing became more symmetrical. Repeated recordings with pentothal anesthesia demonstrated this improvement. The case would be published fully in due course. In reply, Dr. Ronald Woolmer said that in performing stellate ganglion block he generally used Kappis' posterior approach but he could claim no immunity from the usual difficulties.
He was interested in Dr. Kerr's observation, which he had not himself noticed, and thought that Dr. Kerr's explanation was probably the right one.
